Fifteen patients (range of ages, 18 to 35 years) who survived an acute episode of the adult respiratory distress syndrome caused by mechanical or thermal injuries, sep sis, and shock were studied during 1 to 30 months after recovery. The patients had had no previous pulmonary diseases, and only two had been smokers. All of the pa tients were asymptomatic, and their chest x-ray films were normal on follow-up examination. Tests of pul monary function revealed mild abnormalities which con sisted of reduction of pulmonary volumes, decreased car bon monoxide diffusing capacity, and a mild increase of alveolar-arterial oxygen pressure gradients in the early stage after recovery. Improvement was noted after a few months, but eight patients still had mild reduction of pulmonary volume after one to two years. No corre lation could be established between the severity of the adult respiratory distress syndrome, therapy with me chanically assisted ventilation, the duration of exposure to supplemental oxygen, the fractional concentration of oxygen in the inspired gas, and the degree of residual functional defect. r 11he residual respiratory abnormalities in patients â€¢¿ *â€¢ who apparently recovered entirely from the adult respiratory distress syndrome were widely documented in several reports in the last years.1"6
r 11he residual respiratory abnormalities in patients â€¢¿ *â€¢ who apparently recovered entirely from the adult respiratory distress syndrome were widely documented in several reports in the last years. 1"6 There is general agreement concerning the good pulmonary recovery of these patients, although dif ferent patterns and degrees of respiratory dysfunc tion were found.1 Two causes may explain these differences. First, some of the patients had under lying pulmonary diseases or were heavy smokers (or both). Secondly, the precipitating causes of the adult respiratory distress syndrome were variable. Patients with direct pulmonary and thoracic injury, drowning, drug overdose, vasculitis, and viral, bac terial, and aspiration pneumonias, together with pa tients with post-traumatic episodes of the adult respiratory distress syndrome without direct injury to the chest, were included in the same series. There fore, more information is needed on groups of pa tients with similar ages, etiology, and treatments.
MATERIALS ANDMETHODS
Fifteen patients (13 men and two women) were included in this study. They were all the survivors of a group of 21 young and previously healthy persons treated for the adult respiratory distress syndrome due to mechanical or thermal injury, sepsis, or shock. This represents a consecutive series with no arbitrary exclusions. The ages of the patients varied between 18 and 35 years. They had no direct injury to the chest and no preexisting pulmonary diseases. Only two pa- tients were smokers. Nine patients were studied one to three months after the episode of the adult respiratory distress syndrome. Three of these nine patients were reevaluated again after two or three months, and five patients were reexamined 13 to 28 months after the initial episode. The other six patients were evaluated only 22 to 30 months after recovery. Clinical examination, a chest x-ray film, and tests of pulmonary function were done in each patient at the time of evaluation.
The pulmonary volumes and rates of air flow were mea sured with a water-sealed spirometer (Godard Pulmonet), curves of the carbon dioxide level were determined with an infrared carbon dioxide analyzer (Godard Capnograph), and the carbon monoxide diffusing capacity of the lung (Dss) was measured (Godard diffusion tester) using the steadystate method. The alveolar carbon monoxide level was mea sured from an end-tidal sample (obtained with the Rahn-Otis device). Levels of gases in the blood were measured with a meter (Instrumentation Laboratory) that determined pH, arterial oxygen pressure (PaO.,) and arterial carbon dioxide tension (PaCO.,). The Dss and the arterial blood gas levels were determined at rest and during exercise (125 w/min for five minutes) using an ergometer (Hellige Mijnhardt). Pre dicted normal values for the pulmonary volumes and the forced expiratory volume in one second (FEV,) were those recommended by the European Committee for Coal and Steel. 7 The maximal expiratory flow rates were those pro posed by Bass,K and the normal values for Dss were those proposed by Bates et al.'J The predicted values for Dss after exercise were calculated on the basis of the resting value plus 1.5 ml for each 100-ml increase in the uptake of oxygen. All of the values were corrected to body temperature and pres sure saturated (BTPS) and to standard temperature and pressure dry (STPD).9
RESULTS
The diagnosis of the adult respiratory distress syn drome was based on clinical features consisting of rapid and laborious breathing, diffuse pulmonary infiltrates without enlargement of the cardiac sil houette or venous congestion on the chest x-ray film, and severe hypoxemia (PaOL. < 55 mm Hg, in spite of breathing 100 percent oxygen). At the onset of the adult respiratory distress syndrome, there was no evidence of an overload of water or of a significant decrease in plasma levels of proteins. Ten patients received mechanically assisted ventilation for 1 to 31 days. In seven of them, a positive end-expiratory pressure (PEEP) of 8 to 15 cm H2O for 2 to 21 days was necessary to maintain their arterial blood gas levels at satisfactory levels. Five patients re quired a fractional concentration of oxygen in the inspired gas ( FIOL> ) of 0.6 to 0.8 for periods ranging from 3 to 22 days and an FIo^of 0.3 to 0.6 during a variable weaning period. Table 1 summarizes the details of the episode of the adult respiratory distress syndrome. At the time of reevaluation, none of the patients complained of shortness of breath at rest or during moderate exer cise. There were no abnormal sounds on pulmonary auscultation, and all chest x-ray films were normal.
The results of tests of pulmonary function are summarized in Table 2 . The vital capacity (VC) was decreased in eight of the nine patients studied in the first three months after recovery, the lowest 
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'Interval between episode of adult respiratory distress syndrome and tests of pulmonary function.
figure being 62 percent of the predicted value. Serial studies showed improvement of this measurement in six of these patients. Eleven patients were investi gated 13 to 27 months after recovery. Five of them had a normal value for VC, and in the other six the VC was still slightly reduced. The lowest value found at this period was 79 percent of predicted.
The residual volume (RV) was decreased in three patients and increased in four in the early stage, with the range being 63 to 155 percent of predicted. Serial studies in eight patients showed an increase in RV in five patients and an insignificant decrease in two patients (no data in one patient). In the later period, RV was decreased in four patients and in creased in three patients, the lowest figure being 63 percent and the highest 180 percent of predicted.
The functional residual capacity (FRC) was less than the predicted normal value in five patients in the early period, with progressive improvement in four of them. One patient had a slightly increased value for FRC in the early phase, and the FRC did not change significantly in the later period. Three patients had normal values for FRC at the first examination after recovery. Four more patients were normal in the late stage, and seven still had slightly decreased values for FRC after more than two years.
Only one patient had a very low FRC (55 percent of predicted) repeatedly in the late period.
The total lung capacity (TLC) was slightly de creased in six patients in the early period and im proved in all of them, with four patients reaching normal values. In the late stage, five patients had slightly decreased values for TLC, and six had a normal volume. The FEVi decreased less than the VC in all patients except one. Thus, the ratio of FEVi/VC was slightly increased compared with the predicted normal value.
The values for the instantaneous forced expiratory flow after 75 percent, 50 percent, and 25 percent of the FVC had been exhaled (FEF75%, FEF5OS, and FEF25^, respectively) were reduced in two patients soon after recovery and in three patients in the late period, and the values did not significantly improve after inhalation of 2.5 mg of albuterol (salbutamol).
Levels of oxygen in the blood were normal in all patients at rest and after exercise, but some increase of the alveolar-arterial oxygen pressure gradient (P[A-a]O2) was found in the majority of the pa tients. No significant changes were seen between values obtained at early or late stages.
The PaCO2 was low in all except four patients, while the single-breath slope of PaCC>2was normal, and the end-tidal end-expiratory difference in PaCOa was less than 6 mm Hg in all patients. The pH was normal. Finally, the Dss was significantly decreased in four patients in the early stage and in one patient in the late period. All other patients had normal values.
DISCUSSION
The main functional abnormalities of these pa tients were reduction of pulmonary volumes, in creased P(A-a)C>2, and reduced Dss of the lung, suggesting an interstitial defect; however, these find ings were inconstant, were relatively attenuated even in early periods after the episode of the adult respiratory distress syndrome, and tended toward normalization after one year. A mild irreversible obstruction of the airways was also noted in two patients in the early stage and in three other patients in the late stage. Only two of these patients had significant trapping of air. This surprising dispropor tion between the severity and duration of the disease and the minimal residual functional abnormalities after recovery confirms previous observations;1"6 however, it must be pointed out that all of our patients were young and all but two were nonsmokers and almost certainly had no underlying pulmo nary diseases. Important residual abnormalities were reported in older patients, in smokers, and in patients suffering from chronic bronchitis and em physema, perhaps reflecting their lungs' limited capacity for repair. 1 Morphologic and pathophysiologic pulmonary changes similar to those produced by severe mechanical and thermal injuries, hemorrhagic shock, sepsis, or cardiopulmonary bypass have been de scribed following prolonged exposure to oxygen.10'14 Natural and iatrogenic causes of the adult respi ratory distress syndrome are practically inseparable; thus, their specific contribution to pulmonary dam age is difficult to evaluate. Such difficulties were evident when attempts were made to correlate the duration of exposure to supplemental oxygen and its concentration to the residual functional abnormali ties in our patients.
This study confirms other observations that mini mal abnormalities of pulmonary function exist in young and previously healthy patients who recov ered from the adult respiratory distress syndrome; however, it must be pointed out that this relatively good prognosis refers to survival. In spite of very sophisticated supportive treatment, some patients still die, and it is the general impression that super imposed infection is the principal precipitating cause of the irreversible deterioration in their condi tion. 15 Respiratory insufficiency worsens in parallel with the hemodynamic failure and requires more intensive mechanical support and increasing concen tration of supplemental oxygen. The exact contribu tion of the pulmonary failure and its treatment to the progressive deterioration of patients' conditions is sometimes obscured by the relatively acceptable levels of oxygenation of the blood, even in these advanced stages of the adult respiratory distress syndrome. Therefore, more research is needed to elucidate this aspect, and the relatively good late prognosis noted in these patients must be considered with pnidence.
